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CONVERSION FACTORS AND ABBREVIATIONS
For the convenience of readers who may prefer to use metric 
(International System) units rather than the inch-pound units 
used in this report, values may be converted by using the 
following factors:
Multiply inch-pound unit By
foot (ft) 0.3048 
mile (mi) 1.609 
gallon per minute 0.06309 
(gal/min)
To obtain metric units
meter (m)
kilometer (km)
liter per second (L/s)
Sea level; In this report "sea level" refers to the National 
Geodetic Vertical Datum of 1929 (NGVD of 1929) a geodetic datum 
derived from a general adjustment of the first-order level nets 
of both the United States and Canada, formerly called "Sea Level 
Datum of 1929."
IV
GROUND-WATER LEVELS, FLOW, AND SPECIFIC CONDUCTANCE IN 
UNCONSOLIDATED AQUIFERS NEAR LAKE ERIE, CLEVELAND TO CONNEAUT,
OHIO, SEPTEMBER 1984
By Alban W. Coen, III
ABSTRACT
This report describes ground-water levels, flow, and specific 
conductance in aquifers along the southern shore of Lake Erie from 
Cleveland to Conneaut, Ohio. The data were collected in September 
1984 as part of the U.S. Geological Survey's Northeast Glacial 
Buried Valley Regional Aquifer-System Analysis. The study area is 
about 60 miles long, extends inland from the lake about 10 miles, 
and encompasses parts of Cuyahoga, Lake, and Ashtabula Counties.
Water levels were measured in 202 existing wells, all of 
which were completed in the glacial deposits or at the contact 
with the underlying shale. Specific conductance was measured in 
59 of the wells. Results of the survey are presented in table and 
map form.
Unconsolidated material throughout the area consists primari- 
ly of till, whereas the bedrock consists of Devonian shale. The 
till is composed chiefly of silt and clay with some sand and grav- 
el, and is less than 50 feet thick in most areas. Some valleys 
are filled with as much as 200 feet of glacial till and outwash 
deposits that are mainly sand and gravel.
Ground-water levels in much of the area are within 20 feet of 
the land surface. Contours of ground-water levels resemble a sub- 
dued version of those of the land surface, which indicates that 
ground water generally flows from high areas to low areas follow- 
ing the land-surface gradient. Locally, ground water discharges 
into streams. Regionally, flow is towards the north-northwest, to 
Lake Erie.
Specific conductance ranged from 160 to 2,900 pS/cm (micro- 
Siemens per centimeter at 25 degrees Celsius) with a median of 
540 pS/cm. Ground water with a specific conductance greater than 
650 pS/cm is localized, with no specific spatial pattern; pos- 
sible sources of elevated specific conductance are road-deicing 
salt, leachate from landfills, natural brines associated with oil 
and gas drilling, and the upward leakage of saline water from 
bedrock.
INTRODUCTION
The U.S. Geological Survey's Northeastern Glacial Buried 
Valley Regional Aquifer-System Analysis (RASA) project (Lyford and 
others, 1983) was established to study the hydrogeologic charac- 
teristics of unconsolidated glacial aquifers in the Northeastern 
United States. One aspect of this project is to determine water 
levels in unconsolidated aquifers along Lake Erie.
Lake Erie has great economic importance for millions of 
Americans and Canadians living along its shore. As the quality 
of the surface water flowing into the lake improves, increased 
interest is being focused on the effect of ground-water discharge 
directly to Lake Erie and to tributaries to Lake Erie. A major 
factor controlling the direction and rate of ground-water flow is 
the hydraulic gradient. Hydraulic gradient, the change in head 
per unit distance measured in the direction of steepest change, is 
determined by measuring water levels in wells in relation to a 
datum, usually sea level.
Specific conductance, the inverse of electrical resistivity, 
is a measure of the concentration of total dissolved solids in 
water. Specific conductance is described in terms of microsie- 
mens per centimeter at 25 degrees Celsius and is abbreviated 
uS/cm. It can easily be measured in the field (Freeze and 
Cherry, 1979).
Purpose and Scope
This report presents a regional overview of ground-water 
levels, flow, and specific conductance in aquifers underlying 
an area along Lake Erie. The study area extends from Cleveland 
to Conneaut, Ohio, and includes parts of Cuyahoga, Lake, and 
Ashtabula Counties. The area is about 60 mi (miles) long and 
10 mi wide (fig. 1).
The report includes results of water-level measurements from 
202 wells and specific-conductance values of water from 59 wells 
measured in September 1984. Detailed description of the geol- 
ogy of the area was outside the scope of the study and was not 
attempted.
Hvdrogeoloqic Setting
The study area includes two contrasting physiographic divi- 
sions the lake plains and glaciated plateau (White, 1982, p. 7). 
Lake plains (fig. 2), underlain by soft Devonian shales that dip 
slightly to the south, are present in a band up to 7 mi wide 
along Lake Erie. The plain starts at an elevation of about 600 ft 
(feet) above sea level (about 30 ft higher than the water level of 
Lake Erie) and rises gently to about 750 ft in the south. Except 
for ancient postglacial sandy beach ridges, the plain is flat and 
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Figure 2. Bedrock geology and physiographic divisions of northeasten Ohio (from White, 1982, figure 3 and 4).
South of the lake plain, the land slopes upward to the glaci- 
ated plateau (fig. 2), which is about 900 to 1,200 ft above sea 
level. The plateau is underlain mostly by shales of Devonian age. 
A small part of the plateau in the study area is capped by sand- 
stone and conglomerates of Mississippian age and is cut by deep 
river valleys. The shales are exposed in some of the valley 
walls. The bedrock dips slightly to the south, away from Lake 
Erie. Representative geologic sections through the area are 
shown in figures 3 and 4.
Several times during the last 2 million years, glaciers 
advanced from the north, covered the area, and retreated. The 
glacial activity rounded off hills and deepened some of the 
valleys. Clay, silt, sand, and gravel were deposited as the 
glaciers advanced and retreated. Most of the area was covered 
with one or more layers of clay, silt, and sandy till, which, in 
total, usually are less than 50 ft thick. Interspersed in the 
till are lenses consisting almost entirely of sand and gravel. 
In parts of the area, a layer of "blue" clay separates an upper 
and lower layer in the glacial sediments.
During glaciation, many streams flowed north, toward the 
glaciers. They were dammed by the ice, which created proglacial 
lakes between the ice front and the uplands to the south. In 
valleys inundated by these lakes, sediment-laden meltwaters 
deposited clay and silt interlayered with sand and gravel. 
Some of the buried-valley deposits exceed 200 ft in thickness 
and consist predominantly of lake clays.
As the last glacier retreated about 15,000 years ago, the 
area began to rise slowly as it rebounded from the weight of the 
diminishing ice. Lake Erie began draining to the east and, as 
the level of the lake dropped, wave action cut a series of ter- 
races in the shoreline, and sandy beach ridges were deposited on 
each terrace (fig. 4).
The courses of north-flowing streams in the area commonly 
made right-angle turns at the beach ridges, flowed west to 
breaches in the beach ridges, and then continued on to Lake Erie. 
As the lake level (stream-base level) dropped, the streams cut 
channels through the glacial sediments and into the shale bedrock. 
Today, major streams such as the Grand and Ashtabula Rivers are in 
deep bedrock gorges cut through the plateau above the lake plains.
Wells drilled in the till generally yield less than 3 gal/min 
(gallons per minute) (Crowell, 1979; Hartzell, 1978; and Schmidt, 
1979). These wells commonly are completed in gravel or broken 
rock at the contact between the till and underlying shales. Many 
of the wells in the lake plains were hand dug and are completed in 
the till. Some of these wells are more than 100 years old. Typ- 
ically, they are about 4 ft in diameter and less than 20 ft deep. 
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Figure 4. Generalized geologic section along Lake Erie shoreline in Lake and Ashtabula Counties 
showing unconsolidated deposits (from White, 1982).
Outwash and ice-laid deposits in the buried valleys yield 
more water to wells than do till deposits. Some wells produce up 
to 50 gal/min (Crowell, 1979; Hartzell, 1978; and Schmidt, 1979). 
Because the sand and gravels are not always continuous deposits, 
the yield to wells can differ greatly within a small area. Some 
lacustrine deposits in the dammed valleys yield very little water 
to wells.
The unconsolidated deposits are treated as one aquifer for 
the purpose of this regional study. Different types of deposits 
have different hydraulic properties. Many of the sand and gravel 
lenses and layers are discontinuous and difficult to correlate 
from one well to another. However, the deposits seem to be 
hydraulically connected, as the measured ground-water levels 
are locally uniform.
The ground-water system is confined by clays and tills in many 
areas, and some wells flow; however, the system is unconfined or 
only semiconfined in other areas. The beach ridges are sandy and 
permeable. The clays and tills are poorly permeable. A detailed 
examination of the properties of the unconsolidated deposits was 
beyond the scope of this study.
Methods of Study
Approximately 300 well logs were selected from the files of 
the Ohio Department of Natural Resources, Division of Water; 
almost all are for domestic wells. An effort was made to select 
wells that are completed in unconsolidated sediments (usually 
sand and gravel). Many of the logs do not indicate the level 
where water was first encountered. Some logs indicate water in 
the gravel or in broken or weathered rock just above the shale. 
A few logs indicate that, because of low yields in the unconsol- 
idated deposits, the wells were drilled into the shale to provide 
a reservoir to store water for the pump. Many of the wells were 
selected if it could be reasonably assumed that they were com- 
pleted in glacial sediments. No wells drilled into sandstone 
were selected.
During the periods September 10-14 and September 18-19, 1984, 
202 wells were located (fig. 5), and water levels were measured 
(table 1, at back of report). In some cases, the wells for which 
logs were available could not be located or measured, so nearby 
wells with similar characteristics were measured if possible.
Some information gathered from well owners consists of 
approximations (for example, many well depths were estimated). 
Land-surface elevations at the wells were estimated from U.S. 
Geological Survey 7.5-minute topographic maps in the field, 
and are believed to be accurate to within 5 ft. Depths to water 
were measured with a steel tape with an accuracy of 0.01 ft.
Latitude and longitude for each well were digitized from U.S. 
Geological Survey topographic maps. The water-level altitude was 
calculated by subtracting the depth to water from the land-surface 
elevation after correcting for the difference between the measure- 
ment point and the land surface. All information was entered into 
the U.S. Geological Survey's Ground-Water Site Inventory (GWSI) 
computer data base (Mercer and Morgan, 1982).
Specific conductance of water was measured with a portable 
meter in the field at 59 of the wells where their diameter and 
plumbing permitted access. Many of the measurements were made 
at dug wells. It was not possible to pump all the wells before 
measuring. Because most wells were domestic wells that were used 
regularly, all measurements were considered to be representative 
of local ground water even if pumping before measurement was not 
possible.
GROUND-WATER LEVELS AND FLOW
The altitudes of the ground-water levels in the study area 
are shown in figure 6. The contours imply a gradual northwestward 
slope of the water table toward Lake Erie. The slope is more gen- 
tle and consistent in the lake plains than in the rest of the 
area. Along the lake plains, ground water is encountered usually 
within 10 to 20 ft of the ground surface. Farther south, where 
the land rises to the Allegheny Plateau, the depth to water ranges 
from 5 to greater than 50 ft.
Locally, ground water discharges to streams, and the water 
table slopes toward streams. This is shown in places where sev- 
eral wells were measured near streams, and by the manner in 
which the ground-water levels follow the land surface on the 
lake plains.
In most of the study area, the ground-water levels resemble 
a subdued version of the land surface; thus, ground-water flow 
usually follows the land-surface gradient. At a few sites on the 
lake plains and glaciated plateau, water levels in adjacent shal- 
low and deep wells indicate a vertical hydraulic gradient. The 
gradient was downward on the glaciated plateau (a recharge area) 
and upward near the Lake (a discharge area).
Water enters the ground-water system in the study area as 
underflow from south of the study area (upgradient) and as 
recharge from precipitation, mainly on the beach ridges. Water 
leaves the system as discharge to streams and Lake Erie, evapo- 
transpiration, and withdrawal by pumping.
Study Area









Base from Ohio Department of Transportation, 
County Road Maps, Ashtabula, Cuyahoga, 
and Lake Counties, scale 1:126,720.




MEASURED WELL AND NUMBER Water-level 
measurement only.
MEASURED WELL AND NUMBER Water-level 
and specific-conductance measurements.
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Possible routes of ground-water flow to Lake Erie 
include 
1. Discharge to streams. Many gaining streams 
in the study area flow directly into Lake 
Erie.
2. Seepage into Lake Erie from beach cliffs. 
Bedrock is below lake level along the 
shore at most of the study area, and the 
beach cliffs are composed of unconsoli- 
dated glacial deposits. Water flows 
through the sediments above bedrock or 
above an impermeable layer in the till 
into Lake Erie.
The effect of the deep east-west river valleys (the Grand 
River Valley, for example) on the ground water could not be fully 
determined by this reconnaissance study. Some seeps were seen in 
the till and shale cliffs along the rivers. These rivers (and 
many smaller streams) probably intercept ground water and hasten 
its flow to Lake Erie.
The beach ridges, which rise above the lake plains, are major 
areas of recharge. Beach ridges have little effect on the region- 
al flow patterns, although they add to the quantity of water in 
the system.
SPECIFIC CONDUCTANCE OF GROUND WATER
Specific conductance of water in 59 of the measured wells 
ranged from 200 to 2,900 uS/cm; the data are presented in fig- 
ure 7 and table 1 (at back of report). Two-thirds of the values 
were less than 650 uS/cm, and one-third exceeded 650 uS/cm; the 
median value was 540 uS/cm. No spatial pattern of high (greater 
than 650 uS/cm) specific-conductance values was noted. Some 
high values were near potential problem areas, such as landfills. 
Others were on beach ridges, which may be easily contaminated by 
salting of major roads along the ridges. Some high values were 
in areas where residents tell of nearby oil and gas drilling and 
brine dumping. In addition, some high specific conductances could 






















The ground-water levels determined as part of this study 
indicate that the hydraulic gradient and, hence, the direction of 
ground-water flow is to the north-northwest toward Lake Erie. 
Locally, the direction of ground-water flow follows the slope of 
the land surface; ground-water discharges into streams and rivers, 
which flow into Lake Erie. In the Lake Plains area, ground water 
is usually within 20 ft of the land surface. The shallowness of 
water levels in unconsolidated sediments indicates that recharge 
is rapid in areas such as the beach ridges, and that the sediments 
are susceptible to contamination. The susceptibility of parts of 
the aquifers to contamination and the regional flow of ground 
water toward Lake Erie can have a major effect on local water 
users and on Lake Erie itself.
Most of the specific-conductance values ranged from 200 to 
650 jaS/cm, but about a third of them were higher. Values greater 
than 650 uS/cm did not form an areal pattern that could be related 
to the geology or hydrology of the area; they most likely reflect 
increased concentrations of dissolved solids resulting from 
human activities.
Many thin, discontinuous sand and gravel deposits underlie 
the area, and information on their extent is sparse. Additional 
data on the extent and continuity of the glacial aquifers would be 
important in future assessments of the contribution of ground 
water to Lake Erie.
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Table 1. Data for selected wells near Lake Erie, Cleveland to Conneaut, Ohio,
September 1984
[uS/cm, microSiemens per centimeter at 25 degrees Celsius; S&G, well completed 
in sand and gravel; Sh, well completed as open hole in shale below screened
sand-and-gravel interval. Dash indicates no data available. Water-use
designations: D, domestic; U, unused; P, public supply; T, institution;















































































































































































































































































































































































































































































































































































Table 1. Data for selected wells near Lake Erie, Cleveland to Conneaut. Ohio.
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land Date of 
surface measure-
(feet)
631
630
626
615
621
760
760
ment
09/18/84
09/18/84
09/18/84
09/18/84
09/18/84
09/13/84
09/13/84
Water 
level 
below 
land 
surface
(feet)
2
9
2
3
4
31
2
.85
.66
.79
.28
.50
.26
.00
Spe- 
cific 
conduc- 
tance Water
(uS/cm) use
U
U
U
U
U
D
U
22
